Few studies have described factors associated with infant and adolescent mortality since birth. We report here mortality during a 20-year period in a birth cohort from Ribeirão Preto in order to identify birth variables that influenced mortality among infants and children between 10 and 19 years of age, the main causes of death, and the influence of social inequality at birth on death. Mothers were interviewed shortly after delivery. Social, biological and demographic information was collected, and mortality up to 19 years of age was investigated in registry systems. Of the 6748 liveborn singletons born in the municipality from 1978 to 1979, 343 died before or when 19 years of age were completed. Most of the cohort mortality (74.9%) occurred during the first year of life and 19.6% occurred from 10 to 19 years. Mortality was higher among boys. Preterm birth (hazard ratio, HR = 7.94) and low birth weight (HR = 10.15) were strongly associated with infant mortality. Other risk factors for infant mortality were: maternal age ≥35 years (HR = 1.74), unskilled manual occupation of family head (HR = 2.47), and for adolescent mortality: unskilled manual occupation of family head (HR = 9.98) and male sex (HR = 6.58). "Perinatal conditions" were the main causes of deaths among infants and "external causes" among adolescents, especially boys. Socioeconomic factors at birth, represented by occupation, influenced adolescent mortality due to external causes, which was higher among boys (7:1). The influence of social inequality at birth on death, measured by occupation, was greater in adolescence than in infancy.
Introduction
Mortality is conditioned by biological, political and social factors, as well as by culturally defined behaviors and attitudes that historically characterize the stage of development of a country or a region. Among the several factors associated with mortality are maternal age and schooling (1), maternal smoking (2), socioeconomic inequality (3), and medical and social services for pregnant women and for newborns (4, 5) . Some biological factors are also risk factors for mortality, such as male gender (6) , low birth weight and preterm birth (4, 5) .
In Brazil, general mortality has been decreasing in all age ranges over the last 20 years -especially during the first year of life Z.A.R. Oliveira et al.
www.bjournal.com.br -probably due to public health interventions related to the promotion of breast-feeding, oral rehydration therapy, growth monitoring and immunization, whereas mortality due to physical injuries, whose control has been relegated to a secondary role, has demonstrated an ascending trend (7) . If we exclude the first year of life, when affections originating during the perinatal period, intestinal infectious diseases and acute respiratory diseases are among the main causes of mortality (8) , physical injuries cause more deaths of children and adolescents than all major diseases taken together. Depending on the age range, 20 to 70% of all deaths are due to external causes, especially traumatic traffic injuries, drowning, burns, and homicides (7, 9) .
Little is known about whether socioeconomic differentials in mortality persist through adolescence or if this inequality increases or is reduced over time. West (10) showed that in Britain, in 1991, mortality differentials that were apparent in childhood were virtually absent at 10-14 years of age. More recently, Petrou et al. (11) concluded that in two English counties, Oxfordshire and West Berkshire, from 1979 to 1988, the effect of social class gradient on mortality, while still evident, was somewhat attenuated by the later childhood years. There is no information regarding this issue for Brazil, because data on social variables in mortality files are usually of poor quality.
Due to the scarcity of longitudinal studies in developing countries designed to identify factors which, present at birth, may be associated with mortality during adolescence, in the present investigation, we studied the mortality of a cohort of liveborns over a period of 20 years. The objective was to describe infant and adolescent mortality, to identify among some variables present at birth the ones that represented risk factors for mortality during the first year of life and from 10 to 19 years of age, to identify the major groups of causes of death, and to determine whether social inequality at birth increased the risk factor for mortality in infancy or during adolescence.
Material and Methods
The study was conducted in Ribeirão Preto, a city located 320 km northeast of the capital of the State of São Paulo, Brazil, which in 1978 had a population of 318,496 inhabitants, and which is considered to be one of the richest in the country. The economically active population consisted of 136,034 individuals (42.7% of the total population) and the main economic activities were services, commerce goods, wares, and transformation industry, with emphasis on sugar cane and the sugar agroindustry (12) .
All 6748 singleton newborns delivered at the 8 maternities in the municipality from June 1, 1978 to March 31, 1979 , by mothers living in the municipality participated in the study. The puerperae were interviewed and informed about the objective of the study and gave oral informed consent to participate. The infants were weighed unclothed immediately after birth by trained personnel using a Filizola baby scale with 10-g precision which was calibrated weekly. The study was approved by the clinical directors of all hospitals involved. Since at the time there was no Research Ethics Committee, ethical questions were discussed with a Legal Medicine professor and it was decided that mothers who did not give their consent, whose doctor did not give permission, who were unwell after delivery, and whose babies were ill or died immediately after delivery would not be interviewed. In these cases, information about mother and baby was obtained from the medical records (12, 13) .
Starting in June 1999, a survey of the deaths in Ribeirão Preto that had occurred during the 20 years of the study was first carried out using the Death Records as well as the Birth Records (which contain information about death and about the Registry Office where the certificate was issued).
When the death of an individual born by single delivery in Ribeirão Preto from June 1, 1978 to May 31, 1979 was detected, all the data in the certificate were recorded on a protocol form. The basic cause of death was recorded and classified and grouped according to the groups of causes defined in the 9th Revision of the International Classification of Diseases (ICD-9) (WHO, 1985) . This classification was maintained also for all individuals who had died after the adoption of the 10th Revision (1995) to guarantee the homogeneity of information.
A total of 355 death certificates for individuals born during the study period, issued by the civil registries of the municipality from June 1978 to 19 years of age of the participants were located. The birth questionnaires were located for 96.6% (343/355) of the children. The 12 children without birth questionnaire, although registered as having been born in Ribeirão Preto during the study period, did not necessarily belong to the cohort but had possibly been born in nearby towns and registered in Ribeirão Preto. These children were not considered in the present analysis.
The maternal and social variables included in the analyses and their respective categories were: age in complete years (<18, 18 and 19; 20 to 34, and ≥35), mother's marital status (with or without a companion), maternal schooling in years (<4, 4 to 11, and ≥12), maternal smoking during pregnancy (yes/no, regardless of the number of cigarettes smoked), previous pregnancies (yes/no, with no reference to number, including abortions, stillborns and liveborns), and occupation of family head. The variables related to maternal and newborn medical care included in the analysis were: number of prenatal visits (0, 1 to 3, and ≥4); category of admission (public and private), type of delivery (vaginal; cesarean section), preterm birth (yes if <37 weeks of gestation and no for the remaining cases), newborn gender (male, female), low birth weight (yes if <2500 g and no otherwise). Gestational age was calculated according to date of the last normal menstrual period. The occupation of the family head was elaborated and adapted by Bettiol et al. (14) based on the model proposed by Olsen and Frische (15) and divided into three categories: non-manual worker, skilled or semiskilled manual worker, and unskilled manual worker or unemployed. In most cases the occupation of the father was used for this classification. When the occupation of the father was not identified or when the mother had no companion, the occupation of the mother was used. The "not known" category was included for all variables, representing unknown information (mothers who did not answer the questionnaire or did not know the answer to a specific question). However, ignored values corresponding to 5% or less of the total number of children in the age range considered were not included in the analyses. All of these variables were obtained from the birth questionnaire that was answered by the mothers.
A descriptive analysis of the distribution of mortality by age range and by gender (with the respective 95% confidence intervals, 95%CI) was carried out and mortality rates were calculated for the major groups of causes of death classified according to the International Statistical Classification of Diseases, Injuries and Causes of Death, 1975 Revision (16) for infants and adolescents. The cumulative mortality rates were calculated by taking as the common denominator for all ages the total number of liveborns in the cohort.
The probabilities of cohort survival were studied with respect to gender and occupation of family head by applying the KaplanMeier survival curves (17) . The log-rank test was calculated to compare differences between the survival probabilities according to gender and occupation, with the level of significance set at 0.05.
In the adjustment for confounding factors associated with the event (death),
www.bjournal.com.br stepwise Cox regression was used with backward elimination of the variables, with the hazard ratio (HR), which is a direct estimate of relative risk, being obtained in the model, as well as the respective 95%CI (18) . The sum of time, in months, during which the individuals of the cohort were exposed to the risk of death ("time at risk") was calculated, taking into consideration that this time differs among persons as the deaths occur.
Thus, the deaths that occurred from birth to the ninth year of life were excluded from the denominator for the calculation of the mortality rate and HR for the 10-to 19-year age range. The mortality rates were calculated by dividing the number of deaths in each age range by the sum of the time of exposure to the risk of death.
In the adjusted analyses, the following independent variables were considered for infants: maternal age, marital status, schooling, smoking habit, previous pregnancies, occupation of family head, number of prenatal visits, category of admission to the hospital, and type of delivery. Birth weight and gestational age were not included because they were considered to be intervening variables. For the 10-to 19-year range, gender, maternal smoking habit and occupation of family head were included in the model. The significance level was set at 0.05.
The statistical analyses were carried out with the help of the Stata 8.0 software.
Results
Most of the deaths in the cohort (74.9%) occurred during the first year of life. The most important component of infant mortality (IM) was neonatal (deaths during the first 27 days of life, 41.7%), followed by a post-neonatal component (deaths from 28 days of life to less than 1 year, 27.1%). The preschool (1-4 years), schoolchild (5-9 years) and early adolescence (10-14 years) components showed low mortality, in contrast to the final phase of adolescence (15-19 years) when the mortality rate was about 4 to 9 times higher than during the previous ages (Table 1) .
Survival probabilities differed according to gender. The Kaplan-Meier method showed greater falls in the probabilities of survival among boys, with an abrupt inflection of the curve starting at 180 months or 15 years (P value for the log-rank test <0.001; Figure 1 ). Survival probabilities also differed according to father's occupation. It was evident that the greatest falls in the probability of survival occurred for children of fathers with an unskilled occupation or unemployed, especially starting at 180 months or 15 years of age, whereas the lowest falls occurred for children of fathers with a non-manual occupation (P value for the log-rank test <0.001; Figure 2 ). Non-adjusted analysis of some birth factors showed that previous pregnancies (P = 0.122), type of delivery (P = 0.404) and newborn gender (P = 0.199) were not associated with IM. The risk of dying during the first year of life was higher for children of mothers aged ≥35 years (HR = 1.78, 95%CI = 1.23 to 2.57) and <18 years (HR = 2.12, 95%CI = 1.39 to 3.25), with no companion (HR = 2.14, 95%CI = 1.49 to 3. After adjustment, the following variables were associated with a higher risk of death during the first year of life: maternal age ≥35 years (HR = 1.74), skilled/semiskilled manual occupation (HR = 2.08) and unskilled manual occupation of the family head or unemployed (HR = 2.47; Table 2 ).
In non-adjusted analysis, maternal smoking was not associated with mortality in the 10-to 19-year range (P = 0.570), whereas children of unskilled manual workers or unemployed fathers had a higher risk of death (HR = 8.15, 95%CI = 2.49 to 27.71; P < 0.001), as also did individuals of male gender (HR = 7.04, 95%CI = 3.37 to 14.7; P < 0.001; data not shown in tables). After adjustment, the following variables continued to be associated with a higher risk of death during adolescence: belonging to a family whose head had a skilled or semi-skilled manual occupation (HR = 3.77) or an unskilled manual occupation, or was unemployed (HR = 9.98), and male gender (HR = 6.58; Table 2 ), with the risk being strongly increased for manual occupations and males when compared to the unadjusted model.
Regarding mortality according to group of causes, based on the causes of death (ICD-9) (16) from birth to 19 years of age, the group "Conditions Originating in the Perinatal Period" (28.9%) comprised the most frequent causes, followed by "Infectious and Parasitic Diseases" and "External Causes" (17.5%) and "Diseases of the Respiratory System" (16.9%). Taken together, these four groups accounted for 80.8% of the mortality rate of the cohort. Whereas the major group of causes of death was "Conditions Origi- nating in the Perinatal Period" for infants (38.5%), "External Causes" was the major group for the 10-to 19-year range (79.0%; Table 3 ), with a coefficient 3.7 times higher than the sum of the coefficients of all the other causes of death in the same age range. Of the 13 deaths that occurred in the 10-to 14-year range, 6 (46.2%) were due to external causes, all of them due to traffic accidents. Of these, 4 (66.7%) were due to being run over by a car and the other 2 were due to unspecified causes. In the 15-to 19-year range, 47 of the total of 54 deaths (87%)
were due to external causes, with the following specific causes: 19 due to firearms and 19 due to penetrating, cutting or perforating objects, with each subgroup accounting for 35.2% of the total, 6 (14%) were due to unspecified traffic accidents, 1 was due to drowning, and 1 to lightning.
Discussion
The present study shows that the influence of social inequality at birth on death was about three times greater during adoles-Infant and adolescent mortality www.bjournal.com.br cence (HR = 8.15) than during infancy (HR = 2.59). It was shown that, whereas the risk factors for mortality during the first year of life were maternal age of 35 years or more and manual occupation of the family head, the main risk factor for mortality during adolescence was related to social position at birth, with children of families whose heads held unskilled manual jobs or were unemployed having the highest risk of death (HR = 9.98), along with male gender (HR = 6.58).
The present study is the first of its kind in Brazil by following up liveborns of a cohort for 20 years. Some cohort studies have revealed the late effects on infancy and adolescence of nutritional deprivation during intrauterine life and during the first months of life (19) . However, few studies are available regarding the association of conditions present at birth with mortality during adolescence and adulthood (20) . The follow-up of children in a cohort study is unusual in developing countries due to the countless difficulties involved in maintaining contact with people for a prolonged period of time (21) .
It was possible to locate four cohort from studies in developing countries, from birth to 12 years of age or more, among them the present study conducted in Ribeirão Preto, Brazil, from June 1978 to May 1979 (12), a study conducted in Pelotas, RS, Brazil, with the participation of 6011 liveborns in 1982 (22) , a study conducted in Cebu, the Philippines, with the participation of 3080 singleton liveborns from May 1983 to April 1984 (23) , and a study conducted in Johannesburg, South Africa, with the participation of 2454 singleton liveborns from April to June 1990 (24) . Although some cohort studies reported mortality (5, 22) , few continued follow-up beyond adolescence (25, 26) .
The marked decline in survival probability that occurred during the first year of life and from 10 to 19 years of age led us to concentrate the present study on these two age ranges. The infant mortality rate (IMR; 38.1 deaths/1000 liveborns) was close to that observed in a similar cohort from Pelotas, RS, in 1982, 38.8/1000 liveborns (22) . However, when the present cohort was compared with the 1994 one (16.9/1000 liveborns) using a similar methodology (27) , a 55.6% fall in IMR was observed in Ribeirão Preto during this 15-year period. In contrast, neonatal mortality (24.3/1000 liveborns), which is more associated with the quality of medical care during pregnancy and at delivery and birth, was higher than that for Pelotas (21.5/1000 liveborns), whereas post-neonatal mortality (13.8/1000 liveborns), more related to primary care, was lower (17.3/1000 liveborns) (22) .
In the Inter-American Investigation of Mortality in Childhood (28) , which included 15 projects in 24 areas in the Americas, among them Ribeirão Preto in 1968/70, 78.6% of the deaths occurred during the first year of life, 36.1% during the neonatal period and 42.5% during the post-neonatal period. In Ribeirão Preto the IMR was 43.0/ 1000 liveborns (24/1000 liveborns for the neonatal IMR and 19/1000 for the postneonatal IMR), showing a fall in IMR at the expense of the post-neonatal component. In Brazil, official data regarding mortality by main group of causes of death in the 0-to 19-year age range obtained in 1979 showed that the perinatal causes continued to be the most frequent when compared to 1995 data, whereas external causes went from fourth to second place, replacing infectious and parasitic diseases (7) . Although there was a reduction of IMR in Ribeirão Preto between the Inter-American Investigation (28) and the current study, the relative contributions of perinatal, infectious and congenital anomaly causes remained fairly similar.
In the present study, non-adjusted analysis showed once again that birth weight and gestational age were the two variables with the greatest magnitude of association with IM (4, 27) , with preterm newborns presenting an almost 8-fold higher probability of dying during the first year of life compared to term newborns and low birth weight newborns presenting a 10-fold higher risk compared to newborns of adequate weight.
Maternal smoking has been associated with infant mortality (29) (30) (31) , showing a doseresponse effect (29) and an increasing adverse effect with increasing gestational age, suggesting a cumulative effect of smoking on mortality (30) . In addition, the risk of death of infants whose mothers stopped smoking during pregnancy is comparable to the risk of death of infants born to mothers who do not smoke (31) . In the present study, in the adjusted analysis the "not known" category of maternal smoking represented a risk factor for IM. Since the mothers whose children were in poor health condition or died immediately after delivery were not interviewed, it was not possible to determine the smoking status of these mothers during pregnancy. Since 65 of the 80 deaths that occurred among children born to mothers whose smoking condition was unknown occurred during the first month of life, we may speculate that an important portion of the children included in this group were born to smoking mothers.
The IMR for children born to older mothers and mothers belonging to the skilled manual worker class were higher in adjusted analysis, a result similar to that reported in other studies (27, 32) . English children born in the unskilled worker class presented a higher risk of death during the first year of life, with the risk persisting along the first 10 years of life (11) .
In the present study, occupation of family head was the variable with the highest HR of death in the 10-to 19-year range, as confirmed by the statistically significant distance (P < 0.001) between the survival probability curves for adolescents whose fathers had a non-manual occupation and adolescents whose fathers had an unskilled manual occupation or were unemployed. The latter had a 10-fold higher probability of dying during adolescence. Osler et al. (26) observed that, even after adjustment for variables such as birth weight and cognitive function, the inverse association between father's social class at the time of the infant's birth and mortality among young adult men (15 to 34 years) was slightly attenuated but continued to be present.
In the 15-to 19-year subgroup, the deaths predominated among boys; 87% were due to external causes, with 70.4% being due to violence, in agreement with other studies (33) (34) (35) (36) (37) (38) . Starting in the 1960 decade, in Brazil infectious and parasitic diseases gave way to external causes represented by traffic accidents and homicides as the main cause of mortality in some age ranges. From 1930 to 1991, the mortality rates due to external causes for both genders increased by 363% in Rio de Janeiro and by 193% in São Paulo, with a wide variation between male and female gender reaching, in the case of homicides, a 22:1 and 16:1 ratio in Rio de Janeiro and São Paulo, respectively (39) .
The perspective for the future, as stated by Minayo (33) , is prevention since "most violent events and traumatic injuries are not accidental, are not fatalities, are not lack of luck: they can be confronted, prevented and avoided".
When the HR values for the unskilled manual occupation/unemployed category of the family head were compared between the first year of life (2.47, 95%CI = 1.41 to 4.34) and the 10-to 19-year range (9.98, 95%CI = 3.05 to 32.70) it could be seen that, even though mortality was higher during the first year of life, the risk of death related to social inequality at birth was higher in adolescence than in infancy. Whereas mortality during the first year of life was more directly linked to differences in the quality of and access to perinatal care, in adolescence it mainly occurred due to social inequality. Inequalities in mortality being very much higher in adolescence than in infancy are in contrast to what has been observed in Britain, where the social gradient tended to be attenuated over the years (10, 11) . Our evidence indicates a strong link between socioeconomic disadvantage at birth and higher mortality due to external causes in late adolescence, possibly reflecting huge differences in social environment and access to safety devices in homes and vehicles between the social classes (11) . This also suggests strong differences in exposure to firearms and blade weapons between social classes in Brazil.
Some death certificates did not contain death information regarding the circumstances of the events (basic cause) that produced it, but only the type of wound (associated cause). When the basic cause of death (type of accident/violence) is not specified in the death certificate, there may be important changes in the patterns of mortality due to external causes, as shown by Souza (34) in a study of the variation in mortality rate due to homicides in Rio de Janeiro from 1980 to 1989: when deaths due to injuries of ignored intentionality were not included there was a 35.8% fall in the homicide rate. However, when deaths due to firearms were included, there was a 94.2% increase, emphasizing the importance of a correct filling of death certificates.
The limitation of the present study was the difficulty in collecting indirect data, especially regarding the location of the death certificates of children who had moved to other towns. This may possibly be one of the reasons explaining the small number of deaths observed between 1 and 9 years of age despite the existence of Law No. 6015 that has been regulating the obligatory notification of Public Records since December 31, 1973 . This fact may have affected less the data regarding the adolescents because of improved information exchange among the civil registries since the mid 1980's. Faulty filling of some death certificates, which did not contain information about the basic cause of death, motivated the use of a classification according to group of causes of death (ICD-9).
The present investigation is important by permitting the study of survival of children in the Ribeirão Preto birth cohort for a long period of 20 years and the identification of the variables that, being present at birth, represented risk factors for mortality in the first year of life and from 10 to 19 years of Z.A.R. Oliveira et al.
www.bjournal.com.br age. The importance of the identification of specific causes of death due to external causes should be emphasized since it is of help for the planning of preventive strategies that could protect lives that are currently threatened. The most relevant finding of the present study was the association between occupation of the family head at the birth of the child and mortality during adolescence that, despite the temporal distance, represented a strongly significant risk factor even after a period of nearly 20 years. Although social inequality at birth affected death at the two time points analyzed, its effect was greater during adolescence, showing that social support is needed throughout life for young individuals in Brazil.
